(1) All carriers are cooperatively displaced in one direction, without an external electric field (Fig. 4 insert). In other words, a carrier-ordered phase with spontaneous polarization appears. This is because the quantum-box pairs, which easily have dipole moments even with a small electric field, mutually interact with positive feedback.
interact with positive feedback.
(2) An order/disorder phase transition occurs at a finite critical temperature. This is because thermally excited carriers favor random distribution.
(3) A strongly correlated motion of many electrons will be observed at around the critical temperature, resulting in a high dielectric constant (ideally the constant diverges). The probability that these unique properties will appear under the consrraints of actual material parameters is numerically analyzed. The basic equations are a self-consistent combination of (l) the Schroedinger equation in the quantum-box pairs, and (2) the dipole interaction formula between different pairs. These equations are solved under various conditions of changes in barrier height and feature sizes.
The eigenstates of quantum-box pairs can be recognized as a two-energy system (pseudo-spin system) having a symmetrical ground state and an antisymmetrical first-excited state (Fig. 2) . The two nearly degenerate states at the 0 field separate with an increasing field. This is similar to the spin system in magnetics' in which the Zeeman effect causes energy levels to separate with increasing magnetic field.
The effect of the barrier between quantum boxes is high sensitivity of carrier displatement, even to a very weak electric field. As shown in Fig. 3 , sensitivity increases with decreasing temperature, and eventually exceeds the threshold level for spontaneous displacement. The threshol.d level is determined by the condition in which a kind of "gain" in a feedback loop is unity. The feedback loop consists of an occasionally polarized quantum-box pair, induced dipoles around the pair, the feedback field at the original pair, and the resulting polarization of the pair. Fig. 3 shows that spontaneous polarization occurs under the actual constraints of material parameters of GaAs/AlAs and si/sio2.
Dielectric constant is an index of correlation between carriers. As shown in Fig. 4 , dielectric constant increases rapidly with decreasing temperature, and it diverges at a critical temperature (35K in GaAs/AlAs). This means that the correlation of carriers, which are randomly distribured at high temperatures, increases rapidly as the critical temperattue is approached, and covers the whole lattice when finally reaching the critical temperature, resulting in a carrier-ordered state. Fig. 4 Lett. 60, 2) Y. Aueoiya and A. Iwata, lElcE, 3) R 
